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By  Paul  O.  McGrew 
Assistant,  Palbontology 

INTRODUCTION 

In  a  recent  review  of  the  genus  Cynarctus,  based  primarily  on  a 
mandible  referred  to  C.  acridens,  evidence  was  brought  forward 
which  indicated  that  this  interesting  form  should  be  referred  to  the 
Procyonidae  (McGrew,  1937).  During  the  past  year  three  speci- 
mens have  come  to  light  which  extend  and  to  some  extent  alter  the 
conclusions  arrived  at  in  that  paper.  Two  of  these  are  maxilla 
fragments,  one  containing  M^--,  the  other  P--M^;  both  were 
collected  in  the  Marsland^  beds  a  few  miles  distant  from  the 
locality  at  which  the  mandible  referred  to  C.  acridens  was  found. 
The  perfect  occlusion  of  the  upper  molars  with  the  lower,  and  their 
distinctly  procyonid  appearance,  leave  no  doubt  that  the  new 
specimens  are  referable  to  the  same  species  (acridens).  The  third 
specimen  consists  of  a  palate  with  complete  upper  dentition,  save 
for  the  right  I---  and  P-.  It  was  found  some  years  ago  in  the  lower 
Pliocene  of  Devil's  Gulch,  Brown  County,  Nebraska,  by  Mr.  Ray- 
mond H.  Quinn  and  was  recently  donated  to  Field  Museum  by  Mr. 
Elmer  S.  Riggs.  I  have  no  hesitation  in  referring  it  to  Cynarctus 
crucidens  Barbour  and  Cook  (1914),  although  no  upper  teeth  of  this 
species  have  previously  been  reported  and  no  part  of  the  mandible 
was  found  with  the  present  specimen.  The  agreement  in  size  and 
proportion  between  Barbour  and  Cook's  specimen  and  that  of  Field 
Museum  is  so  close  that  I  regard  the  identification  as  practically 
certain. 

Comparison  of  these  two  species  at  once  indicates  that  they 
cannot  be  referred  to  the  same  genus.  C.  crucidens  is  closer  to 
C.  saxatilis  Matthew  (1902),  the  genotype,  than  is  the  lower  Miocene 

1  Schultz  (1938)  has  suggested  this  term  to  replace  "Upper  Harrison"  of 
Peterson  (1906). 
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species  formerly  referred  to  C.  acridens.    It  is  therefore  necessary  to 
place  the  latter  species  in  a  new  genus. 

I  am  most  grateful  to  Mr.  Elmer  S.  Riggs  for  permitting  me  to 
include  the  study  of  the  upper  dentition  of  Cynarctus  crucidens.  To 
Mr.  Bryan  Patterson  I  am  indebted  for  helpful  criticism.  I  also 
wish  to  thank  the  South  Dakota  School  of  Mines  for  the  loan  of  the 
type  of  Parictis  dakotensis,  and  Dr.  Walter  Granger  of  the  American 
Museum  of  Natural  History  for  permitting  me  to  study  the  type  of 
Phlaocyon  leucosteus. 

PROCYONIDAE  Bonaparte 
Cynarctoides  gen.  nov. 

Cynarctus  Barbour  and  Cook,  Nebr.  Geol.  Surv.,  4,  pp.  225-227,  1914  (in 
part);  McGrew,  Jour.  Pal.,  11,  pp.  444-449,  1937  (in  part). 

Genotype. — Cynarctus  acridens  Barbour  and  Cook  (1914). 

Distribution. — Lower  Miocene,  Marsland  beds,  Nebraska. 

Diagnosis. — 14  Cy  Pt  M|;  small,  jaw  slender,  coronoid  process 
concave  posteriorly,  inferior  dentition  similar  to  that  of  Cynarctus 
but  M^  relatively  smaller.  Upper  molars  with  fundamental  cusp 
pattern  similar  to  that  of  Cynarctus  but  teeth  not  so  expanded 
antero-posteriorly.  External  shelf  of  upper  molars  with  small  stylar 
cusps  and  broad  antero-internal  cingulum.  Prominent  antero- 
internal  cingular  cusp  on  M^. 

Referred  specimens. — Univ.  Chicago  No.  1564  and  F.M.  No. 
P25548. 

For  measurements  and  discussion  see  below. 

Cynarctus  Matthew. 

Cynarctus  Matthew,  Bull.  Amer.  Mus.  Nat.  Hist.,  16,  pp.  281-284,  1902. 

Genotype.— Cynarctus  saxatilis  Matthew  (1902). 

Distribution.— Middle  Miocene,  Pawnee  Creek,  Colorado;  lower 
Pliocene,  Devil's  Gulch,  Nebraska. 

Referred  specimen. — F.M.  No.  P25537. 

Emended  diagnosis. — 1|  CI  Pi  M|;  jaw  slender,  coronoid  process 
triangular.  Mx  with  prominent  cusp  external  to  protoconid,  M^ 
relatively  large,  P-  with  strong  internal  cingulum  but  no  distinct 
cusp  posterior  to  the  protocone.  Upper  molars  bunodont,  antero- 
posteriorly  expanded,  with  large  metaconules,  heavy  antero-internal 
cingula,  and  weak  external  cingula. 

For  measurements  and  discussion  see  below. 
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COMPARATIVE  MORPHOLOGY  OF  UPPER  CHEEK  TEETH 

The  characters  of  the  superior  molars  of  these  new  specimens 
furnish  support  for  the  suggested  procyonid  affinities  of  Cynarctus, 
as  well  as  Cynarctoides.  Because  of  the  procyonid  affinities  of  these 
genera  it  is  desirable  to  make  comparisons  with  the  generalized 
canid  Pseudocynodictis,  and  with  Bassariscus,  Phlaocyon,  Procyon, 
Ailurus,  and  Ailuropoda  in  order  to  determine  as  accurately  as  pos- 
sible their  exact  relationships  within  the  family. 

Pseudocynodictis. 

Description  from  Univ.  Chicago  No.  496,  P.  gregarius. 

Anterior  premolars. — The  anterior,  upper  premolars  of  Pseudo- 
cynodictis are  relatively  small,  high,  sharp,  and  relatively  long  antero- 
posteriorly.    A  posterior  extension  on  P^  forms  a  minute  trenchant 


Fig.  85.  Pseudocynodictis  gregarius  (Cope).  Univ.  Chicago  No.  496.  Crown 
view  of  left  upper  cheek  teeth.    X  13^. 

heel  and  on  P-  a  posterior  accessory  cusp  is  usually  present.    The 
premolars  increase  in  size  posteriorly. 

Carndssial. — The  sectorial  tooth  is  typically  carnivorous,  with 
the  parametacone  blade  well  developed.  The  paracone  is  higher 
than  the  metacone  and  a  deep  notch  interrupts  the  blade  immediately 
behind  the  former  cusp.  The  metacone  is  not  cuspidate  and  forms  a 
large  part  of  the  shearing  crest.  The  small,  rounded  protocone  is 
antero-intemal  to  the  paracone.  There  are  slight  anterior  and 
internal  cingula. 

First  molar.— The  paracone  and  metacone  are  well  separated  and 
subequal.  They  are  moderately  high,  sharp  cusps  and  a  slight  ridge 
runs  between  them.  From  the  paracone  a  ridge  runs  antero- 
externally,  connecting  with  the  parastyle,  a  small  but  distinct  stylar 
cusp.  From  the  metacone  a  ridge  runs  to  the  posterior  border  of  the 
tooth.  A  well-developed  external  cingulum  is  present.  The  proto- 
cone is  a  prominent  cusp  situated  internal  to  and  slightly  posterior 
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to  the  paracone.  Connected  with  the  protocone  by  a  ridge  running 
antero-externally  is  the  protoconule,  which  is  a  small  cusp.  A  ridge 
running  postero-externally  from  the  protocone  connects  this  cusp 
with  the  metaconule,  which  lies  directly  internal  to  the  metacone. 
The  paracone,  metaconule,  protocone,  and  protoconule  surround  a 
rather  deep,  central  basin.  A  heavy  cingulum  forms  the  inner 
border  of  the  tooth.  On  this  internal  cingulum  is  a  rather  prominent 
cusp,  the  hypocone,  postero-internal  to  the  protocone. 

Second  molar. — In  most  points  M-  is  similar  to  M-,  although 
much  smaller  and  with  relatively  lower  cusps.  The  outer  cingulum 
is  weaker.    The  metacone  is  reduced,  being  much  smaller  than  the 


€  ^ 


Fig.  86.  Bassariscus  asiutvs  (Licht.).  F.M.  No.  5503.  Crown  view  of  left 
upper  cheek  teeth.     X  13^. 

paracone.  The  proto-  and  metaconules  are  reduced  and  are  dis- 
cernible only  as  slight  swellings  on  the  ridges  which  run  antero- 
externally  and  postero-externally  from  the  protocone.  The  protocone 
occupies  the  same  position  as  it  does  on  M-.  The  internal  cingulum 
is  relatively  stronger  than  on  M-,  especially  on  the  postero-internal 
extremity  of  the  tooth.  A  prominent  swelling  of  the  cingulum  occurs 
immediately  internal  to  the  protocone  on  some  specimens  and  on 
others  it  occupies  a  more  posterior  position. 

Bassariscus. 

Description  from  F.M.  No.  5503,  B.  astutus. 

Anterior  premolars. — The  upper  premolars  of  Bassariscus  are 
much  like  those  of  Pseudocynodictis  but  are  not  so  long  antero- 
posteriorly.  The  heel  of  P^  is  rather  more  prominent.  A  distinct 
accessory  cusp  is  present  on  P^.  No  appreciable  cingula  are  present 
except  for  that  forming  the  heel. 

Carnassial. — Aside  from  the  addition  of  a  fourth  principal  cusp, 
the  carnassial  of  Bassariscus  is  very  much  like  that  of  Pseudocyno- 
dictis.   The  paracone  and  metacone  bear  the  same  relationships  as 
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they  do  in  the  latter  genus,  but  the  paracone  is  somewhat  reduced. 
The  protocone  is  shifted  shghtly  posteriorly  and  lies  directly  buccal 
to  the  paracone  and  is  larger  and  higher  than  it  is  in  Pseudocynodictis. 
The  appearance  of  a  cusp  only  slightly  less  prominent  than  the 
protocone  and  directly  posterior  to  it  is  the  only  important  divergence 
from  the  typical  canid  pattern. 

First  molar. — M-  of  Bassariscus  is  much  like  that  of  Pseudo- 
cynodictis. The  protocone  is  like  that  of  the  latter  genus  but  the 
metaconule  is  much  more  strongly  developed  than  the  corresponding 
cusp  in  Pseudocynodictis.  The  protocone  and  metaconule  are  well 
separated  by  a  relatively  deep  notch.  The  protoconule  is  practically 
lost.  The  inner  cingular  cusp  is  relatively  stronger  than  it  is  on 
Pseudocynodictis. 

Second  molar. — M-  of  Bassariscus  has  all  cingula  greatly  reduced, 
both  over  M-  of  Bassariscus  and  M-  and  M-  of  Pseudocynodictis. 
In  size  and  height  the  metacone  is  equal  to  the  paracone.  The  para- 
style  is  reduced.  The  three  principal  cusps  are  more  distinct  and 
prominent  than  they  are  on  the  same  tooth  of  Pseudocynodictis. 

Cynarctoides. 

Description  from  Univ.  Chicago  No.  1564  and  F.M.  No.  P25548, 
C.  acridens. 

Premolars. — P-  and  P-  are  so  nearly  like  those  of  Pseudo- 
cynodictis that  their  separate  description  is  not  necessary. 

Carnassial.—F-  of  Cynarctoides  is  intermediate  between  those  of 
Pseudocynodictis  and  Bassariscus  in  structure.  It  differs  from  that 
of  the  former  genus  in  being  a  somewhat  heavier  tooth  with  a 
stronger,  more  posteriorly  situated  protocone  and  in  having  a  much 
heavier  inner  cingulum.  PYom  the  carnassial  of  Bassariscus  it 
differs  in  the  lack  of  the  inner  cingular  cusp. 

First  molar. — M-  of  Cynarctoides  differs  considerably  from  that 
of  Bassariscus  but  there  is  close  structural  similarity  to  that  of 
Phlaocyon  and  Cynarctus.  The  fundamental  canid  pattern  is  present 
but  is  masked  by  the  occurrence  of  numerous  accessory  cusps.  The 
parastyle,  situated  at  the  antero-external  extremity  of  the  tooth, 
is  strong  and  connected  with  the  paracone  by  a  heavy  ridge.  A 
rather  strong  stylar  cusp  lies  directly  posterior  to  the  parastyle 
(from  which  it  is  isolated  by  a  deep  groove)  and  postero-external  to 
the  paracone.  Posterior  to  this  stylar  cusp  and  well  separated  from 
it  by  a  deep,  median,  transverse  valley,  is  another  rather  prominent 
style  which  is  connected  with  the  metacone  by  a  heavy  ridge.    At 
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the  postero-extemal  extremity  of  the  tooth  is  another  stylar  cusp 
(metastyle)  which  is  also  isolated.  The  paracone  and  metacone  are 
of  equal  size  and  height.  The  protocone  is  large  and  is  slightly 
anterior  to  and  equidistant  from  the  paracone  and  protocone.  It 
is  far  forward  and  runs  into  the  anterior  cingulum.  A  prominent 
cusp,  probably  homologous  with  the  inner  cingular  cusp  (hypocone) 


Fig.  87.    Cynarctoides  acridens  (Barbour  and  Cook).    Univ.  Chicago  No.  1564. 
Crown  view  of  left  upper  cheek  teeth.    X  1 K. 

of  Pseudocynodictis,  lies  buccal  to  the  metaconule.  This  cusp  in 
Cynarctoides  is  isolated  from  the  inner  cingulum.  A  heavy,  deeply 
serrated  cingulum  circles  the  antero-buccal  border  of  the  tooth  and 
bears  a  strong  cingular  cusp  internal  and  slightly  anterior  to  the 


Fig.  88.  Cynarctoides  acridens  (BaThour  and  Cook).  F.M.  No.  P25548.  Crown 
view  of  right  M^"^.    X  2}^. 

protocone.  There  is  a  strong  tendency  for  the  anterior  and  posterior 
halves  of  the  molars  of  Cynarctoides  to  become  symmetrical. 

The  above  description  of  M^  was  taken  from  F.M.  No.  P25548. 
M-  on  Univ.  Chicago  No.  1564  differs  in  minor  detail  as  follows: 
The  median  stylar  cusps  are  not  present  and  the  antero-internal 
cingulum  is  a  bit  more  heavy.  Otherwise  the  two  specimens  agree 
perfectly  in  the  structure  of  this  tooth. 

Second  molar. — In  every  essential  character  M-  is  like  M-.  It 
is  of  nearly  equal  size  and  the  paracone,  metacone,  protocone. 
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metaconule,  protoconule,  and  hypocone  are  in  the  same  relative 
positions  and  of  the  same  relative  importance.  The  metastyle  is 
reduced.  Although  there  is  a  definite,  sharp  cingular  cusp  on  the 
antero-internal  corner  of  the  tooth  it  is  much  smaller  than  the 
homologous  cusp  on  M-. 

Cynarctus.^ 

Description  from  F.M.  No.  P25537,  C.  crucidens. 

Premolars. — The  first  premolar  is  small  but  distinctly  functional 
and  bears  a  single  median  cusp  with  no  cingula.  P-  is  larger  and 
heavier  than  P^.    It  is  composed  of  a  single  median  cusp  with  slight 


6-- 


Fig,  89.    Cynarctus  crucidens  Barbour  and  Cook.    F.M.  No.  P25537. 
and  ventral  views  of  right  maxilla  and  upper  dentition.    X  1. 


Lateral 


anterior  and  posterior  swellings  but  no  distinct  cingula.  P^  is  equal 
in  height  to  P-  but  is  longer  antero-posteriorly  and  somewhat  heavier. 
The  tooth  bears  a  prominent  median  cusp  and  a  posterior  cingular 
cusp.  Anteriorly  there  is  a  swelling  but  no  cingulum.  In  general 
appearance  the  premolars  are  Cams-like  and  are  not  shortened  antero- 

1  The  upper  incisors  of  Cynarctus  are  very  dog-like.  They  increase  in  size  from 
I^  to  I^  and  are  serrate  in  a  fashion  similar  to  those  of  Aelurodon  and  certain  other 
canids.  The  canine  is  similar  to  that  of  Canis,  being  long,  sharp,  and  moderately 
curved. 
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posteriorly  as  they  are  in  Phlaocyon  or  Procyon.    The  cingula  are 
less  well  developed  than  they  are  in  the  latter  genera. 

Carnassial. — P-  is  distinctly  canid.  The  paracone-metacone 
blade  is  well  developed  and  sharp.  The  protocone  is  antero-internal 
to  the  paracone  and  somewhat  more  strongly  developed  than  in 
most  canids.  There  is  a  relatively  strong  cingulum  at  the  inner  base  of 
the  blade  but  no  anterior  or  external  cingula.  The  shearing  edge 
of  the  blade  is  slightly  more  oblique  than  that  of  Canis  or  Vulpes 
but  much  less  so  than  that  of  Phlaocyon.    There  is  a  small,  distinct 
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Fig.  90.  Cynarctus  cruddens  Barbour  and  Cook.  F.M.  No.  P25537.  Crown 
view  of  right  upper  cheek  teeth.    X  1. 

cusp  between  the  protocone  and  paracone  which  does  not  exist  in 
other  forms. 

First  molar. — M-  is  a  massive  tooth  with  large,  blunt  cusps  and 
the  antero-posterior  diameter  is  as  great  as  the  transverse  diameter. 
The  external  cingulum  is  very  weak.  The  paracone  and  metacone 
are  well  separated  by  a  deep,  transverse,  median  valley.  Both  are 
large  cusps  and  the  paracone  is  slightly  higher  than  the  metacone. 
The  protocone,  as  in  Cynarctoides  and  Phlaocyon,  is  not  cuspidate 
but  forms  the  inner  border  of  a  shelf  which  extends  buccally  from 
the  base  of  the  paracone.  The  worn  surface  of  the  protocone  forms 
a  V  with  the  apex  internal.  Posterior  and  slightly  external  to  the 
protocone  is  a  large  metaconule  which  is  much  like  the  protocone  in 
appearance.  Directly  internal  to  the  metaconule  is  the  large,  blunt 
hypocone  which  bears  a  very  strong  resemblance  to  that  of  Cynarc- 
toides and  Phlaocyon.  Surrounding  the  antero-internal  base  of  the 
protocone  is  a  strong  cingulum  which  is  distinctly  serrate.  This 
cingulum  is  not  as  heavy  as  that  of  Cynarctoides  or  Phlaocyon. 

Second  molar. — Although  the  arrangement  of  cusps  on  M-  is 
similar  to  that  of  M-  of  Cynarctoides  and  Phlaocyon,  the  tooth  is 
greatly  expanded  antero-posteriorly.  It  is  very  much  like  M-  in 
arrangement  and  relative  position  of  cusps.  The  metacone  is  some- 
what smaller  than  that  of  M-,  but  the  paracone  is  a  strong,  blunt 
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cusp.  External  to  the  paracone  is  a  relatively  strong  cingulum. 
The  protocone  is  not  cuspidate  and  has  the  appearance  of  a  curved 
ridge.  The  metaconule  is  similar  to  the  protocone,  both  in  size  and 
shape,  and  lies  almost  directly  behind  it.  The  hypocone  is  a  blunt 
cusp  immediately  internal  to  the  metaconule.  A  heavy  cingulum 
lies  antero-intemal  to  the  protocone. 

Phlaocyon. 

Description  from  A.M.  No.  8768,  P.  leucosteus.^ 

Carnassial. — P-  of  Phlaocyon  is  of  a  distinctly  camassial  type 
but  modification  is  carried  farther  than  it  is  in  Bassariscus.  The 
paracone  and  metacone  are  like  those  of  Bassariscits  and  Pseudo- 
cynodictis,  with  a  well  developed,  although  much  less  trenchant 
blade.     A  distinct  cusp  is  present  on  the  cingulum  immediately 


Fig.  9L  Aletocyon  multictispis  Romer  and  Sutton.  Univ.  Chicago  No.  1482. 
Holotype.    Crown  view  of  left  upper  cheek  teeth.    X  1  }4' 

anterior  to  the  paracone.    The  extra  cusp  posterior  to  the  protocone 
is  like  that  of  Bassariscus. 

First  molar. — The  first  molar  of  Phlaocyon  is  similar  to  that  of 
Cynarctus  and  Cynarctoides  but  certain  significant  differences  are 
apparent.  None  of  the  external  cingular  cusps  which  characterize 
Cynarctoides  is  present.  Instead,  the  outer  cingulum  is  reduced, 
being  less  strongly  developed  than  in  Pseudocynodictis  and  more  so 
than  in  Procyon.  The  paracone  and  metacone  are  essentially  equal 
in  size,  as  they  are  in  Cynarctus  and  Cynarctoides,  and  are  similarly 
situated.  The  protocone,  also,  is  like  that  of  the  latter  genus.  The 
protoconule  is  not  connected  with  the  protocone  and  lies  rather 
close  to  and  immediately  buccal  to  the  paracone.  Directly  posterior 
to  the  protocone  and  buccal  to  the  metacone  are  two  small  cuspules, 

'  This  description  has  been  supplemented  by  the  upper  dentition  of  Aletocyon 
muUicuspis,  which  in  dental  character  is  exactly  like  Phlaocyon  leucosieus. 
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one  of  which  represents  the  metaconule.  Just  internal  to  these 
last  cusps  is  a  cingular  prominence  (hypocone).  The  antero-internal 
cingulum  is  strong  but  not  cuspidate. 

Second  molar. — Structurally  this  tooth  is  essentially  identical  to 
M^.  The  outer  cingulum  does  not  extend  so  far  posteriorly  and  the 
metacone  is  somewhat  reduced. 

Procyon. 

Description  from  F.M.  No.  5898,  P.  lotor. 

Anterior  premolars. — F---  of  Procyon  are  of  small  antero- 
posterior diameter.  There  are  no  outer  cingula  but  there  are  strong 
inner  cingula,  especially  on  P^.    The  cingula  are  heaviest  postero- 


FiG.  92.  Procyon  lotor  (L.).  F.M.  No.  5898.  Crown  view  of  left  upper  cheek 
teeth.    X  IH. 

internally.  Aside  from  the  strong  expression  of  cingula  the  pre- 
molars are  much  like  those  of  Bassariscus. 

Carnassial. — Although  P-  of  Procyon  has  lost  its  sectorial  func- 
tion and  its  appearance  has  changed  appreciably  from  that  of  the 
previously  described  genera,  its  mode  of  origin  is  clear.  The  paracone 
is  the  most  prominent  cusp  and  is  situated  in  the  middle  of  the 
lingual  side  of  the  tooth.  The  metacone  has  become  so  greatly 
reduced  that  it  is  little  larger  than  the  anterior  cingular  cusp  (para- 
style).  The  protocone  occupies  its  usual  position  antero-internal 
to  the  paracone.  The  cusp  behind  the  protocone,  hypocone,^  has 
become  more  prominent,  is  but  slightly  smaller  than  the  protocone, 
and  lies  postero-internal  to  it.  A  relatively  strong  internal  cingulum 
has  developed  buccal  to  the  groove  between  the  protocone  and  the 
cusp  posterior  to  it. 

First  molar. — M-  has  also  changed  considerably  from  the  general- 
ized type  exemplified  by  Bassariscus.     In  comparison  the  cusp 

1  The  molar  cusp  terminology  is  used  in  this  paper  for  P^. 
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pattern  is  simple  with  four  subequal  cusps  forming  a  square.  The 
paracone,  metacone,  and  protocone  are  easily  recognizable  and  are 
much  the  same  as  those  in  the  more  primitive  genera,  occupying  the 
same  relative  positions.  The  homology  of  the  fourth  cusp — that 
which  lies  posterior  to  the  protocone — may  be  questionable.  Buccal 
to  the  paracone  and  metacone  are  small  transverse  crests  which  are 
first  seen  in  this  genus.  There  is  a  rather  strong  internal  cingulum 
occupying  the  position  inside  and  between  the  protocone  and  the 
cusp  posterior  to  it. 

Second  molar. — In  principal  structures  M-  is  much  like  M-. 
The  tooth  is  smaller  and  the  metacone  is  relatively  much  reduced. 
The  cusp  posterior  to  the  protocone,  which  is  strong  in  M-,  is 
greatly  reduced  in  M^. 

Ailurus. 

Description  from  F.M.  No.  36752,  A.  fulgens. 
Anterior  premolars. — The  premolars  of  Ailurus  are  longer  antero- 
posteriorly  and  more  complex  in  structure  than  all  other  procyonids 


Fig.  93.    Ailurus  fulgens  F.  Cuvier.    F.M.  No.  36752.    Crown  view  of  right 
upper  cheek  teeth.    X  1  j^. 

except  Ailuropoda.  P-  has  developed  additional  cusps  which  give 
it  the  same  appearance  as  P-.  Strong  anterior  and  posterior  cusps 
are  present,  which  occupy  the  same  positions  as  the  parastyle  and 
metacone  of  P-.  An  antero-internal  cusp  and  a  postero-internal 
cusp  on  P-  have  the  same  relationships  as  the  protocone  and  hypo- 
cone  of  P-.  A  median,  internal  cusp  is  present,  as  on  P-.  P-  has 
followed  the  progressive  tendencies  but  is  developed  to  a  much  lesser 
degree.  The  anterior  and  posterior  cusps  are  small  and  a  postero- 
internal expansion  represents  the  incipient  molarization  of  the  tooth. 
Carnassial. — Aside  from  having  a  median,  internal  cingular  cusp 
this  tooth  in  Ailurus  is  very  similar  to  P-  of  Procyon. 
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First  molar. — The  paracone,  metacone,  and  protocone  on  M-  of 
Ailurus  are  similar  to  those  on  the  same  tooth  of  Procyon.  The 
metaconule  is  present  as  a  large  cusp  lying  posterior  and  slightly- 
external  to  the  protocone  and  is  separated  from  the  latter  cusp  by 
a  deep  valley.  Externally  there  is  a  strong  cingulum  with  three 
stylar  cusps,  an  anterior  parastyle,  a  median  mesostyle,  and  a 
posterior  metastyle.  The  inner  border  of  the  tooth  is  formed  by 
a  strong,  serrate  cingulum.  On  the  posterior  portion  of  this  cingulum 
is  a  rather  strong  cusp  internal  and  slightly  anterior  to  the  metaconule. 

Second  molar. — This  tooth  is  like  M^  in  all  essential  characters. 

Ailuropoda. 

Description  from  F.M.  No.  36758,  A.  melanoleuca. 
Anterior  premolars. — The  anterior  premolars  of  Ailuropoda  are 
quite  like  those  of  Ailurus,  but  are  more  elongate  antero-posteriorly. 


Fig.  94.  Ailuropoda  melanoleuca  (David).  F.M.  No.  36758.  Crown  view  of 
right  upper  cheek  teeth.     X  1. 

The  internal  cusps  are  present  and  are  of  the  same  relative  size 
and  position  as  those  of  the  latter  genus. 

Carnassial. — P-  is  long  antero-posteriorly  and  transversely 
narrow.  It  is  composed  of  three  outer  cusps,  the  parastyle,  paracone, 
and  metacone,  and  two  inner  cusps:  the  protocone,  which  is  rather 
reduced,  and  the  larger  hypocone.  In  arrangement  of  cusps  it  is 
not  greatly  different  from  P-  of  Ailurus  and  Procyon. 

First  molar. — This  tooth  is  almost  square  in  outline.  The 
metacone,  paracone,  and  protocone  are  about  equally  developed  and 
easily  recognized.    Between  the  paracone  and  protocone  is  a  broad. 
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low  cusp  which  is  probably  cenotelic  since  it  is  too  far  posterior  to 
be  the  protoconule.  Posterior  and  slightly  external  to  the  protocone 
is  a  small,  low  cusp  which  probably  represents  the  metaconule, 
occupying  the  same  position  as  does  this  cusp  in  other  procyonids. 
Internal  to  the  metaconule  is  another  cusp,  apparently  the  hypocone, 
which  has  the  same  appearance  as  that  cusp  on  M-  of  Cynarctus. 
A  broad,  serrate  cingulum  forms  the  inner  border  of  the  tooth. 

Second  molar. — The  anterior  portion  of  this  tooth  differs  little 
from  that  part  of  M-.  The  posterior  portion  of  the  tooth,  however, 
is  greatly  expanded  posteriorly  and  is  covered  by  numerous  tubercles. 

MOLAR  STRUCTURE  AND  PHYLOGENY 

It  is  possible  to  trace  the  three  principal  cusps  (paracone,  meta- 
cone,  and  protocone)  from  Pseudocynodictis,  representing  the 
generalized  carnivore  condition,  through  Bassariscus  to  Procyon  with 
considerable  certainty  of  homologies.  The  origin  or  homologies  of 
other  cusps,  however,  may  be  open  to  question. 

Carnassial. — The  camassial  of  Bassariscus  is  perfectly  inter- 
mediate between  that  of  Pseudocynodictis  and  Phlaocyon,  and  the 
same  tooth  of  Phlaocyon  is  intermediate  in  structural  detail  between 
Bassariscus  and  Procyon.  This  fact  does  not  indicate  that  these 
genera  represent  a  direct  line  of  descent,  but  it  seems  to  show  con- 
clusively the  mode  of  origin  of  the  cusps  in  the  fourth  upper  premolar 
of  Procyon.  The  principal  changes  that  take  place  in  the  series  are 
(1)  reduction  of  paracone-metacone  blade,  (2)  reduction  of  metacone, 
(3)  development  of  anterior  cingular  cusp,  and  (4)  development  from 
the  inner  cingulum  of  a  new  cusp  behind  the  protocone,  the  hypocone. 

The  lack  of  a  hypocone  on  P-  of  Cynarctus  and  its  presence 
on  P-  of  Phlaocyon  indicates  that  the  subfamily  Cynarctinae  con- 
tained diversified  genera  of  which  little  is  known.  Since  this  cusp 
is  little  more  than  a  cingular  prominence  on  Phlaocyon  and  a  similar 
cusp  in  the  Mustelidae  is  seen  to  be  variable,  there  is  little  reason 
to  withhold  Cynarctus  from  the  same  subfamily  because  of  its 
absence.  The  molars  show  such  similar  development  and  are  of 
such  peculiar  character  that  convergence  in  this  respect  in  unrelated 
groups  would  be  unlikely. 

Molars. — In  M-  of  Procyon  as  well  as  P-  there  is  an  important 
cusp  behind  the  protocone,  which  appears  in  this  case  to  be  the 
metaconule.  In  Bassariscus  the  metaconule  is  strongly  developed 
as  compared  to  Pseudocynodictis,  and  lies  posterior  and  only  slightly 
external  to  the  protocone.    There  it  occupies  the  same  position  and 
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has  the  same  function  as  does  this  cusp  in  Procyon.  The  inner  basin, 
which  is  important  in  Bassariscus  and  bears  a  relatively  strong 
hypocone,  is  almost  absent  in  Procyon.  A  remnant  of  this  basin 
occurs  in  Procyon  as  a  heavy  cingulum  which  lies  internal  to  and 
between  the  protocone  and  metaconule.    The  hypocone  is  lost. 

The  origin  and  development  of  cusps  on  M-  of  Procyon  are  similar 
to  those  of  M-.  The  only  important  differences  lie  in  the  reduction 
of  the  metacone  and  in  the  smaller  size  of  the  tooth. 

The  molars  of  Cynarctoides,  Cynarctus,  and  Phlaocyon  show 
similar  structural  development.  In  each  of  these  genera  the  hypocone 
is  retained  and  relatively  well  developed.  There  is  also  a  progressive 
tendency  in  each  toward  antero-posterior  expansion  of  the  molars. 
In  Cynarctus,  which,  in  this  respect,  has  carried  farther  the  progressive 
trends  seen  in  Cynarctoides  and  Phlaocyon,  M-  is  as  long  as  it  is  wide 
and  M-  is  even  longer  than  it  is  wide,  whereas  in  Cynarctoides  and 
Phlaocyon  the  molars  have  a  transverse  diameter  which  is  consider- 
ably greater  than  the  antero-posterior  diameter.  In  the  arrangement 
and  relative  importance  of  cusps,  however,  the  molars  of  all  three 
forms  are  very  similar.  In  molar  development  Ailurus  and  Ailuro- 
poda  seem  to  have  followed  the  same  trends  as  those  followed  by  the 
Cynarctinae.  The  hypocone  is  retained  and  there  is  a  strong  tendency 
toward  antero-posterior  expansion. 

Cynarctoides  acridens  has  a  number  of  small  cingular  cusps  which 
appear  in  no  other  procyonid  genus  except  Ailurus.  The  basic 
molar  pattern,  however,  is  such  that  its  relationships  to  Cynarctus 
and  Phlaocyon  cannot  be  doubted. 

The  progressive  trends  in  the  subfamily  Cynarctinae  (Cynarctus, 
Cynarctoides,  and  Phlaocyon)  are  toward  a  complicated  molar  pattern: 
the  retention  and  strong  development  of  the  six  principal  cusps 
(paracone,  metacone,  protocone,  hypocone,  protoconule,  and  meta- 
conule), and  the  antero-posterior  expansion.  The  heavy,  serrate, 
inner  cingulum  and  the  posterior  expansion  of  M^  in  Cynarctus 
denote  a  strong  potentiality  for  the  development  of  additional  cusps. 
This  condition  is  strikingly  contrasted  with  that  of  the  Procyoninae, 
in  which  the  progressive  tendency  was  toward  a  simplification  of 
the  molar  pattern  and  the  retention  of  but  four  of  the  principal  cusps, 
the  hypocone  and  protoconule  being  lost. 

Cynarctus,  in  contrast  to  most  other  carnivores  which  developed 
expanded  crushing  molars,  must  have  been  a  predacious  beast.  The 
long  face,  large  incisors,  long  canine,  widely  separated  premolars, 
and  highly  sectorial  P^  may  indicate  a  fleet-footed  form.    If  this 
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were  the  case,  Cynarctus  differed  in  this  respect  from  all  other  known 
procyonids. 

With  the  additional  information  supplied  by  the  upper  dentition 
of  Cynarctus  and  Cynarctoides  it  is  at  once  apparent  that  these 
genera  did  not  bear  direct  ancestral  relationships  to  Procyon.  It 
is  also  obvious  that  the  phylogeny  of  this  diversiified  family  is  a 
subject  far  too  complex  to  be  determined  on  the  basis  of  the  few 
known  fossil  forms.  Two  lines  of  descent  seem  to  be  represented 
by  the  fossil  material  now  known;  how  many  more  will  eventually 
be  recognized  is  a  matter  of  conjecture. 

Attention  should  be  called  to  the  great  similarity  between 
Cynarctoides  and  the  specimen  described  by  Peterson  (1906)  as 
Nothocyon  annectens.  The  following  characters  of  Peterson's  speci- 
men suggest  that  its  affinities  are  with  the  Procyonidae:  (1)  The 
relatively  strong  anterior  cingulum  with  an  incipient  anterior  cingular 
cusp  (parastyle)  on  P^;  (2)  the  cingular  cusp,  lying  posterior  to  the 
protocone  on  P-;  (3)  the  large  metaconules  on  M-  and  M-;  and 
(4)  the  presence  of  a  well-developed  cingular  cusp  anterior  to  the 
hypocone  on  M-.  These  characters  foreshadow  the  condition  seen 
in  Cynarctoides.  The  reference  of  the  specimen  to  Nothocyon  is 
surely  erroneous. 

It  is  interesting  to  note  that  the  basic  molar  pattern  of  Cynarctus 
and  Cynarctoides  is  strikingly  similar  to  that  of  Ailurus  and  Ailuro- 
poda  (Gregory,  p.  14,  1936;  McGrew,  p.  449,  1937).  Romer  and 
Sutton  (1927)  regarded  Aletocyon  (which  in  dental  structure  is  like 
Phlaocyon)  as  being  "very  close  to  the  ancestry  of  the  living  panda, 
Ailurus,  for  among  carnivores  only  this  form  and  its  close  fossil 
relatives  exhibit  the  general  type  of  molar  pattern  found  in  our 
fossil,  combined  with  the  foreshadowed  premolar  development." 
The  study  here  presented  supports  the  view  that  there  is  close 
relationship  between  the  Cynarctinae  and  the  two  living  pandas. 
The  evidence  that  such  relationship  exists  lies  in  the  facts  that  in 
both  groups  there  is  great  similarity  in  molar  pattern,  that  both  have 
expanded  upper  molars  with  the  same  cusp  arrangement,  and  that  cer- 
tain members  of  each  group  have  retained  M^  (McGrew,  p.  449, 1937). 
The  absence  of  a  hypocone  on  P^  of  Cynarctus  and  Cynarctoides  may 
bar  these  genera  from  any  direct  ancestral  relationship  with  the 
Ailurinae.  Phlaocyon  (and  probably  Aletocyon)  certainly  cannot  be 
ancestral  to  Ailuropoda  since  it  had  already  lost  M^,  but  this 
would  not  bar  it  from  the  ancestry  of  Ailurus.  If  the  character  of  P- 
of  Phlaocyon  could  be  combined  with  the  other  characters  of  Cynarc- 
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tus  such  a  form  would  represent  a   good  structural   ancestor   of 
Ailuropoda. 

ORIGIN  OF  THE  PROCYONIDAE 

Clark  (1937)  regarded  a  Chadron  form,  Parictis  dakotensis,  as 
the  ancestor  of  all  the  later  procyonids.  Because  of  the  sharp,  high, 
blade-like  premolars  and  light,  delicate  build,  Pseudocynodictis  was 
believed  to  have  no  relationships  with  the  early  procyonids. 

If  Bassariscus  is  a  procyonid,  as  abundant  evidence  indicates, 
there  is  no  reason  why  the  ancestor  of  the  primitive  procyonid  was 
not  exactly  characterized  by  the  structure  of  Pseudocynodictis. 
The  long  geologic  range  of  Bassariscus  (known  from  early  Miocene 
to  Recent),  and  the  fact  that  living  species  are  hardly  distinguishable 
from  Miocene  species,  proves  that  the  genus  is  a  "living  fossil." 
In  view  of  the  primitive  characters  of  Bassariscus,  it  seems  most 
likely  that  the  ancestor  of  the  more  progressive  procyonids  was 
structurally  very  like  Bassariscus,  or,  more  probably,  Bassariscus 
itself  gave  rise  to  the  other  procyonids  and  has  survived  essentially 
unchanged  to  the  present.  In  other  words,  Bassariscus,  a  primitive 
procyonid,  is  distinguished  by  precisely  those  characters  upon  which 
Clark  throws  out  Pseudocynodictis  from  ancestral  relationships. 

The  placement  of  Parictis  in  the  Procyonidae  does  not  seem  to 
be  justified  by  its  characters.  The  extreme  expression  of  cingula 
on  the  premolars  of  this  genus  is  far  in  advance  of  any  known 
procyonid.  Its  more  or  less  robust  build  does  not  seem  to  indicate 
procyonid  affinities,  since  primitive  procyonids,  Bassariscus  and 
Cynarctoides,  are  seen  to  be  slender  and  delicate.  The  original 
assignment  of  Parictis  to  the  Mustelidae  (Scott,  1893)  seems  to  be 
supported  by  the  characters  of  the  genus,  although  Hall  (1931) 
believed  that  the  complete  dentition  indicated  canid  relationships. 
The  resemblance  of  Parictis  to  Phlaocyon  in  lower  jaw  structure 
may  be  superficial  and  probably  does  not  indicate  relationship. 

MEASUREMENTS 
{In  millimeters) 

Cynarctoides  Cynarctus 

acridens  crucidens 

P^  tr.  diameter •  2.3 

P-,  a-p  diameter 4.8 

P^  tr.  diameter 1.9  3.6 

P^,  a-p  diameter 4.5  7.1 

P^,  tr.  diameter 2.5  3.8 

P3-,  a-p  diameter 5.3  8.6 

P^  tr.  diameter 5.0  10.0 

P^  a-p  diameter 8.4  12.6 

M-^,  tr.  diameter 7.8  12.2 

M^,  a-p  diameter 5.6  11.8 

M^,  tr.  diameter 7.9  11.4 

M^,  a-p  diameter 5.6  12.2 
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